Background and Objectives: In clinical practice, spirometry plays a key role in the diagnosis of chronic obstructive pulmonary disease (COPD), however, it provides no information about structural pulmonary abnormality. The aim of this study was to evaluate whether there is a relation between the clinical criteria and chest radiography or CT studies in differentiating chronic bronchitis from emphysema in COPD. Patients and methods: In a prospective study, data analysis on 165 COPD subjects who were enrolled between September, 2011 and December 2012 was completed. Data were collected including clinical characteristics of stable COPD, pulmonary function tests, chest X-ray and multidetector computerized tomography (MDCT) findings. Results: Emphysema was diagnosed in 90 (55%) of 165 CT scans. The median emphysema score was 58 (range 48 -72) and significantly correlated with lower FEV1 values (r = 0.542, p = 0.003). In chronic bronchitis, bronchial wall thickening was diagnosed approximately as often in chest radiography (56%) as in CT (64%) as a major finding. Body mass index (BMI), forced expiratory volume in the first second (FEV1), and diffusion capacity of the lung for carbon monoxide (DL,CO) were significantly lower, whereas total lung capacity (TLC) was higher in patients with emphysema. Cardiovascular diseases and obstructive sleep apnea syndrome (OSAS) were more common in chronic bronchitis group. Conclusions: Chest radiography is a valuable, inexpensive means of diagnosing emphysema or bronchial wall thickening in chronic bronchitis. Emphysematous patients show a worse pulmonary function and a greater dyspnea. Greater comorbidity in chronic bronchitis may require specific treatment strategies in this subgroup.
Introduction
Chronic airflow limitation is thought to be resulted from the combination of two mechanisms: increased airway resistance due to narrowing of the small airways, and loss of lung elastic recoil due to emphysema. In clinical practice, spirometry plays a key role in the diagnosis of COPD and the assessment of disease severity and progression [1] [2] . However, it provides no information as to the presence or absence of a structural pulmonary abnormality [3] . Its recognitions are based on tests that reflect lung structure rather than function. The advent and proliferation of computed tomography initially allowed investigators to quantify changes in lung parenchymal structure in subjects with emphysema, and more recently attention has turned to the measurement of airway wall dimensions [4] . Unfortunately, while the lung density is relatively easy to quantify, reliable airway measurements have proven to be more difficult to obtain. However, recent advances in CT technology and new computer algorithms, and it is now hoped that many of the early issues surrounding airway measurements can be resolved [5] . The measurement of airway wall dimensions is important because it is well known that chronic airflow limitation can be caused by a combination of airway and parenchymal changes. The phenotypic expression of these different subtypes of COPD is vital because a therapy designed to modulate the inflammation in airways in chronic bronchitis may be contraindicated in subjects with the emphysema phenotype and vice versa. Therefore, these new imaging techniques are very likely to play a front-line role in the study of COPD and will, hopefully, allow clinicians to phenotype individuals, thereby personalizing their treatment [6] . The aim of this study was to evaluate whether there is a relation between the clinical criteria and chest radiography findings or CT studies in differentiating emphysema from chronic bronchitis COPD phenotypes.
Patients and Methods
In a prospective study, data analysis on 165 COPD subjects who were enrolled between September, 2011 and December 2012 was completed. Data were collected including demographic and clinical characteristics of stable COPD with no exacerbations in the last month.
COPD patients were diagnosed according to GOLD 2007 criteria (post-bronchodilator FEV1/FVC (after inhaling 400 mg salbutamol) < 0.70) with a significant smoking history (≥10 pack years) [7] . Clinical historytaking, physical examination and the degree of dyspnea was assessed to all patients [8] . Lung function studies included measurement of FVC (forced vital capacity), FEV1, FEV1/FVC (before and after bronchodilator), TLC and single-breath diffusing capacity of the lung for carbon monoxide (D L,CO ). Measured D L,CO were corrected for hemoglobin and carbon monoxide levels and expressed as a percentage of the predicted value [9] . To avoid misinterpretation of parenchymal changes, patients were excluded if they had any evidence of pneumonia, interstitial lung disease or pulmonary vascular disease. CT chest and posteroanterior and lateral chest radiography were performed for all patients. The study was approved by the Clinical Research Ethics Committee of Assiut University and all patients were informed of the characteristics and objectives of such study, giving their written consents for their participation.
COPD Phenotypes: [10]
Emphysema (at least one of the following criteria) 1) Pulmonary emphysema diagnosed by CT.
2) Diffusion test with transfer coefficient for carbon monoxide (TLCO/VA or KCO) values inferior to 80% and chest radiography suggesting emphysema, according to the criteria described by Miniati et al. [11] .
Chronic bronchitis. 1) Habitual coughing and expectoration (chronic bronchitis criteria).
2) Diffusion test with TLCO/VA values superior to 80%.
3) Absence of pulmonary emphysema demonstrated through imaging techniques, CT, or chest radiography, according to the previous criteria.
4) Absence of asthma antecedents.
Chest X-Ray
Postero-anterior chest radiographs were obtained in full inspiration on a standard system (Siemens, Germany) with the following parameters: 120 kV, 2.5 mAs and antiscatter grid with a 180-cm focus-detector distance.
Storage-phosphor images were obtained using imaging plates (model CR MD4.0; Agfa). Posteroanterior and lateral chest radiography (99 digital and 55 analogue) were performed at a standard 2-m focus-to-detector (film) distance, with the patients upright and holding their breath at full inspiration. Chest radiographs were evaluated for the presence of thickening of bronchial walls (visible as tram tracks or ring shadows), the presence of linear or nodular opacities, ground glass opacity and emphysema. In evaluating emphysema, four radiographic criteria, originally introduced by Sutinen et al. [12] , were used.
Multidetector CT
MDCT was performed using a Siemens scanner (Siemens, Erlangen, Germany). The lungs were scanned from the apex through the base at 1-cm intervals with the patient in the supine position and breath-holding at full inspiration, using 1-mm collimation and a high-frequency spatial reconstruction algorithm. Scans were viewed using a window level of −600 Hounsfield unit (HU) and width of 1500 HU, and were independently examined by two chest radiologists for the presence of areas of low attenuation and vascular disruption. Images were obtained in full inspiration using a 6460.75 mm slice collimation with a tube voltage of 120 kV. The reconstruction slice thickness was 3 -5 mm and three reconstruction planes (axial, frontal and sagittal) were automatically obtained. The images were reconstructed in a high spatial resolution algorithm and displayed with a wide window setting at a width of 2000 HU and a level of 2500 HU. During CT, 100 -120 ml of a 300/400 mg I contrast medium was administered intravenously at a rate of 2 -3 ml s [12] with a power injector followed by a 30 ml normal saline. The presence of linear or nodular opacities was noted. The presence of emphysema was classified as trace, mild, moderate or severe. The severity of emphysema was scored on a scale from 0 (no emphysema) to 100 using the picture-grading method [3] [13] adapted for CT. According to this method, a score of ≤5 is consistent with trace emphysema, a score of 10 -30 indicates mild emphysema, a score of >30 -50 moderate emphysema and a score of >50 severe emphysema. The radiologist was unaware of the patients' clinical data. CT was used for comparison with chest radiographic results. CT scans were analyzed for the presence of bronchial abnormalities, decreased lung attenuation, increased lung opacification and nodules. The presence of directly visible small airways with an internal diameter of 2 mm or a distance of 1cm to the pleura was noted as a sign of thickening of small airways. CT criteria of Respiratory bronchiolitis-interstitial lung disease (RB-ILD) previously termed dirty lung in chronic bronchitis are variable (atelectasis, ground-glass opacity, emphysema, and linear and reticular abnormalities) [14] . The thickening of large bronchial walls in chronic bronchitis was described as published by Awadh et al. [15] . Vascular attenuation (thinning of pulmonary vessels and reduction in their number) and distortion (increased branching angle or straightening) were considered as signs of emphysema. Centrilobular emphysema was defined as round areas of low attenuation 1 cm in diameter within a homogeneous background of normal lung parenchyma. Panlobular emphysema was characterized as large and extensive areas of uniform low attenuation [16] .
Statistics
We performed statistics by means of a linear regression model (Excel 2007; Microsoft Corp., Redmond, WA). Pearson's correlation test was performed to test significant correlations between the studied variables in both chest radiography and CT. Statistical significance was set at p ≤ 0.05. 165 patients were needed to reach an acceptable confidence level of 95% and statistical power of at least 80% (sample size) [17] .
Results
Patients with emphysema (90 patients) did not differ from those with chronic bronchitis (75 patients) with regard to age, sex or, surprisingly, smoking history. By contrast, body mass index (BMI), FEV1, and D L,CO were significantly lower, whereas TLC was higher in patients with emphysema than in chronic bronchitis. Emphysemic patients showed significantly greater degree of their dypsnea than chronic bronchitis patients ( Table 1) . Arterial hypertension and stroke were insignificantly different in both types, whereas obstructive sleep apnea syndrome (OSAS) and arrhythmias were significantly higher in chronic bronchitis group (p = 0.000). Cardiovascular medications were more frequently used in patients with chronic bronchitic phenotype (0.03) ( Table 2) . Emphysema was diagnosed in 90 (55%), whereas chronic bronchitis in 75 (45%) of 165 CT scans. The median emphysema score was 58 (range 48 -72). Emphysema scores were significantly higher in patients with lower FEV 1 values (r = 0.542, p = 0.003). Emphysema was diagnosed consistently by chest X-ray in 78 out of 90 cases (sensitivity 87%). Chest X-ray failed to diagnose emphysema in 12 cases, all of them were mild (12.9 ± 5.9 CT score). The rate of false-positive results was low (specificity 83%) ( Table 3) . In chronic bronchitis, bronchial wall thickening was diagnosed approximately as often in chest radiography (56%) as in CT (64%) as a major finding, whereas micronodular and reticular shadows were diagnosed in smaller percentages (12% and 3% versus 60% and 42% respectively) ( Table 4 ). The most common findings in CT were thickening of bronchial walls (64%), intralobular micronodules (61%) and septal thickening (43%). Ground-glass opacities were seen in only 4% of our patients ( Table 5 ).
Discussion
Phenotype identification in COPD has been very varied. This aspect is really important, since the evidence collected during the last years confirms that, for the same FEV1, COPD patients can be very different from the Table 5 . Chest X-ray findings in chronic bronchitis (75 patients).
Chest X-ray Number % Bronchial wall thickening 42 56%
Micronodules 9 12%
Reticular shadows 2 3%
clinical, functional, imaging techniques, and evolution course point of view [18] . Although a degree of overlapping of the different lesions in airways (chronic bronchitis predominant) and pulmonary parenchyma (emphysema predominant) is high, it is clear that the presence of different injuries in the airways and pulmonary parenchyma, and the differences observed from the clinical point of view, make it reasonable to recover this approach.
More recent work on CT demonstrated that it can help differentiate the COPD phenotype which is crucial for determining the appropriate management strategy [19] . In this study, patients who met the radiological CT criteria for emphysema had a significantly lower BMI, FEV 1 and D L,CO than chronic bronchitis. Conversely, TLC was significantly higher in patients with emphysema. This lends support to the validity of the criteria used, which primarily reflect lung hyperinflation [20] . In addition, emphysemic patients experienced greater degree of dypsnea and expected more restriction of physical activity. The main characteristic of the group with chronic bronchitis is that, this is the type of patients showing a greater concentration of comorbidity, specially OSAS, and arrhythmias and more use of cardiovascular mediciations. This group presented a BMI significantly higher than emphysema. Therefore, obesity may constitute a bias explaining, at least partially, the differences in other co-morbidities or more use of cardiovascular medications [21] . The value of chest radiography for the assessment of emphysema has been a matter of contention since the 1960s [22] . In radiological-pathological correlation studies, the agreement between chest radiograph interpretation and morphological findings ranges from excellent to poor [23] , depending upon the radiographic criteria used and the strictness applied by the investigators in matching their interpretation to the presence or absence of structural emphysema [24] . Even though CT is now regarded as the most accurate imaging technique for detecting emphysema, but has limitations of higher cost and substantial radiation exposure. Standard-dose MDCT of the thorax yields an effective radiation dose of 6 -8 mSv [25] . By contrast, digital chest radiography entails a much lower radiation burden than CT (0.04 -0.07 mSv for posteroanterior and lateral chest radiography), is far less expensive and more available [26] . Being in a developing country, it is important to achieve the accurate diagnosis with lower costs. Therefore, the present study was undertaken, in addition to phenotyping of COPD, to reappraise chest radiography as a simple means of differentiating emphysema and chronic bronchitis. In emphysema, four radiographic criteria that had been validated against lung pathology [27] were used. Emphysema was diagnosed on chest radiographs in most patients with CT-confirmed disease (sensitivity 87%). However, chest radiography failed to detect trace or mild emphysema that was apparent on CT. The rate of false-positive results was very low (specificity 83%). The high results may be explained by the patients were studied under stable clinical conditions. The present results differ from those of Thurlbeck and Simon [28] , who examined the value of chest radiography by comparing radiograph interpretation with that of inflation-fixed paper-mounted lung specimens. The radiographs were interpreted and the diagnosis of emphysema was made whenever characteristic vascular changes, termed arterial deficiency, were seen. This criterion permitted correct diagnosis in only 16% of the patients with mild-to-moderate emphysema and 42% of those with moderately severe-to-severe emphysema. It was also demonstrated that the sensitivity to chest X-ray is not good, ranging from 24% to 80%. In addition, there is considerable intra-and inter-observer variation regarding classical radiological signs [11] . Other authors suggest that conventional chest X-ray is not a reliable method for the diagnosis or quantification of emphysema [12] . In contrast to conventional chest X-ray, computed tomography (CT) has proven very sensitive and specific in the evaluation of emphysema [3] .
In chronic bronchitis patients, bronchial wall thickening (64%), intralobular micronodules were observed in 60%, septal thickening in 42% and ground-glass attenuation was seen in 4%; Holt et al. [29] found that the CT findings of RB-ILD are variable (atelectasis, ground-glass opacity, emphysema, and linear and reticular abnormalities). More recently, Park et al. [30] analyzed chest radiographs and CT scans of 21 smokers and exsmokers and noted major radiographic findings. CT findings were central (90%) and peripheral (86%) bronchial wall thickening, centrilobular nodules (71%) and ground-glass opacities (67%). Our sample showed a comparable frequency of centrilobular opacities (60%), but a much lower frequency of ground-glass opacification (4%). This might be explained by the technical differences in window level and width. The CT measurement of airway wall dimensions was important in the study of COPD because airway remodelling represents the major reason for airflow limitation [31] [32] . In our study, bronchial wall thickening was diagnosed approximately as often in chest radiography (56%) as in CT (64%) and-similar to other investigations [23] [30] as a major finding.
The pathological entity of smoke induced RB-ILD is also called "smokers' bronchiolitis" as it is seen almost exclusively in current or former smokers. While numerous publications have investigated the CT appearance of emphysematous changes of the lung parenchyma [23] [24] or alterations of the bronchial walls [30] - [32] , less attention has been directed to the abnormalities of chest radiographs caused by chronic bronchitis or RB-ILD. Heyneman et al. [33] reported that the most common finding of RB-ILD on chest radiography is the thickening of the walls of the central or peripheral bronchi, which is seen in about 75% of the patients. Moon et al. [34] found a reticulonodular pattern in the chest radiographs of 5 out of 10 patients and ground-glass opacities in 2 out of 10 patients with histologically proven RB-ILD.
The use of CT modalities other than MDCT, including HRCT and three-dimensional CT-guided densitometry, MRI and volumetric assessment, represents an important advance in the investigation of patients with COPD, allowing better discrimination between the predominance of bronchitis or emphysema, as well as the identification of lesions in an earlier phase and the quantification of the extent of the disease [1] [3] . These imaging techniques are more expensive and the availability to use multiple radiological modalities is not available at our center due to limited financial resources.
In summary, the results of the present study indicate that chest radiography is a valuable, inexpensive means of diagnosing emphysema or bronchial wall thickening in chronic bronchitis. However, it is less sensitive than computed tomography for the detection of mild emphysema and less accurate for the evaluation of intralobular micronodules, septal thickening and ground glass opacities in chronic bronchitis. Limitations to this study are that the findings were not proven by a gold standard such as histological examination and the lack of comparison with other CT or MRI modalities
